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5 pORCp , The invention also relates to the use of oxidised 
oiigosaccna edica and 

-ft .5 - .c- jr -a appi nations, and to methods tor preparing 
oxidized c'i igosacchar ides . 

I o ORG ass long been -v*^:: i - > and used medically to 

achieve haeooatas s -a , ana as a barrier material to prevent 
acmes ions following surgery. A key feature of ORC is that 
it is absorbable when implanted in the body, whereas 
cellulose, is nor, OSC is rssorbed by hydro lytic cleavage of 

15 the polymer to yield small ol igosacehar ides which are 
metabolized and eliminated from the body. Oxidation of 
cellulose to yield IP to 21% cachexy 1 groups by weight, of 
the cellulose allows substantially complete absorption of 
me material within two to three weeks following 

20 implantation* 

opc is manufactured by exposure of cellulose to an 
oxidising agent such as dinitrogen cetroxide. as described 
in US-A~3I2247S . The physical for sr. of cellalosic material 

25 is not critical- For example, the caliulosic ; T paper, 
sponge and cloth say all be oxidised to yield ORG . However, 
the commercial ly preferred material is a woven or knitted 
fabric, OPC in the form of a knitted fabric is available 
under toe Trade Mark SURG XC EX* for use as an absorbable 

30 haemostat, and OPC is also available under the Trade Mark 
IhTtROEL'D for use as an adhesion barrier. 

Polysaccharides ether than cellulose may also be 

3 5 such other polysaccharides include microbial polysaccharides 

derived from plants, for example agar, starch . konjac, 
i- > - guar gus f inulln and pectin; and polysaccharide 
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rr/atives such as carboxy msthy 1 ceiluicse, 
thy lhydroxy propyl cellulose., cellulose acetate, methyl 
Uuioso, and ethyl cellulose. 



Ea; ' 9ri5LS :or use * s vound ^essings. -or example, CS~a~ 
2517772 (Doub el) discloses . isrmad f son: ORo 

impregnated with t:aro~run, However,. OTIC is signii leant V-< 
acidic. Toe surface pH of a fully water-saturated oieoe of 
ORG fabric Jtay be as low as 1,7. Many orotemacsous agents, 
such as thrombin , are highly acid- sensitive, and are 
inactivated 5 en contact with such a nay r is. 

Accordingly, Doub * ai teach that ORC snouid be neutralised 
prior so impregnation with thrombin- Calcium acetate, 
sodium bicarbonate, awna and alcoholic ethyiamine are 
given as examples of suitable neutralising agents, but Qouh 
et al warn that OHC should net be neutralised to such a 
oegree that it loses its f rhrous nature when placed in water 
because of solution or gelling end disintegration. 



•its original size and very weak with little integrity. The 
tensile strength of the cloth is said to he too low for 
practical use such as, for example,, a haecostat. Similar 
results are said to be obtained with the use of strongly 
basic aqueous sodium hydroxide and )) > hvdroxide 

solutions, uP-A-uH i?0S5 accordingly teaches a process tor 
preparing a storage stable, mm- irritating and therapeutic 
neutralised oxidized cellulose product comprising the steps 
of contacting an acid oxidised cellulose material with an 
alcohol and water solution of a slightly basic chloride-free 
salt of a weak acid to elevate she pH of the cellulose 
material to between 5 and 3: washing the elevated pH 
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It has now been found that ORG and other 0x.1d3.seci 
polysaccharides can be partially hydrolysed under silb 
a "o - 5 r s yield v s - ! n have a 

Accordingly, the present invention provides an oxidized 
[ q f ^« ^ ^ ' .. _ havlr.q an ^ molecular 

weight, in the range .1000 to 50000 da 1 tons. 

in particular.. tr>-- oxidised pel /saccharides o£ the 
present invention bind therapeutically useful agents, and 
such bound agents can then be released in high yield. The 
oxidized oligosaccharides of the present invention can 
v t» o < * ^ - - no- i "~o^.„ for 

example in wound dressings, to deliver such agents to a 
wound site. the therapeutically i^hu agents which are 
bound by oxidised oligosaccharides include pharmaceutical!/ 
active peptides and proteins, preferably growth factors such 
as PDGF AS, PDGF SB, VGF~G , \\ ,< . TGF~ihl, basic PGF, 
acidic FGf and possibly EGP and TGF-a , 

Without wishing to be bound by any theory, it is 

peptides and proteins. Completion to therapeutically 
active agents; having anionic groups can also readily be 
achieved, for example, by use of polyvalent metal ions such 
as Ca ? * or Zr, 2 ' as ionic cross-linking agents. 

A further advantage of tha oxiditsc oligosaccharides 
of toe present . ,< - *. * that they way be intimately 
combined with other oaterials such as proteins and other 
polysaccharides (with or without chemical cross-blinking} to 
fern ccitiposi tic I i ? * or rxa pU , 

oxidised oligosaccharides may be combined with hyaluronic 
acid, chitosan, or am alginate (particularly sodium 
■, : g : - * ... , ; i urn - : s \ g na te or •= r \ « s 1 1 urn .■ c a o 
alginate) to form novel haemostatic compositions. 
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Alternatively, composites ot oxidized oligosaccharides with 
other oligosaccharides, polysaccharides or proteins eav be 



b growth factors, anti-inf lammacories, analgesics, proteinase 

oxidized oligosaccharides of the. present invention cav be 
combined with a desired therapeutic agent while in solution 
(the therapeutic agent being either in solution in 
10 suspension? , and the oligosaccharide nay be then he removed 
tree o; "un tv< i,u Oi •> ;n t to sioid a roc<-ci,5 in 

which the therapeutic agent is substantially uniformly 
distributed. Alternatively, the solvent cay be removed., 
cv. by f reese-drying, 

15 

oxidised oligosaccharides ffiay al so be cross- linked so 
as to allow the formation ox n <- , > structures. 
For example, oxidized oligosaccharides can be dissolved in 
water to which a very lew concentration of pepsin- 
SO soipfoiiiged collagen is added. it earbodliRd.de is then 
added as a cross - 1 inker , the collagen acts as a bridging 

dimensional structure can bo obtained .by freose drying'. 

25 ' w - c - , , *- L WJ ^ >E( 

preferably have a raolecuiar weight of at least 1000 da 1 tons, 
and generally less than I0OOO0V Most usually, the molecular 
weight will be less than 5000 to 30000 da 1 tons. (It will be 
understood that one wed.: zed oligosaccharides of the present 

30 invention will generally form a eixed population of 
different siaed ooleccles. Accordingly, references herein 
to oxidised oligosaccharides having a particular molecular 
weight range, and more preferably at least 90% by weight, of 
! - f«H spe f led range 

35 

inve tion « ierive j. nso i s - £ed 

polysaccharides and are of such a molecular weight that they 
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ara ssoJublfe at neutral ana alkaline pH. out insoluble at 

i 2 from s >luti an by 

transferring t r- en to a solution which does not contain any 
other non-volatile components, and than evaporating the 
solvent. Far ■ >irrl. cxidnsd ;., 1 Acrosacchar ides can be 
isolated :: N d - tract iot iu 

(such as a phenyl boron ic acid solid phase column, 
previously activated with methanol and equilibrated with 
dilute acetic acid) , and then canted with dilute (e.g. O.IK) 
r.). ro\ i j i " ' * N 

>ref erai the s. < > N ;a e the 

present invention have a carboxyl content of from 5 to 25% 
by weight, and ><«ore preferably from 8 to 141 by weight. The 
carboxyl content of the cUoosaccnar ides is determined as 
follows ; 

2q s d.i ss< e iu?s hydroxide ( Sml) and a 

couple of drops of 0.1% phenolphthaiein indicator solution 
are added. The excess nod ion hydroxide is bach-titrated 
with (KIM HCi to the phenoiphthalsin end point (red to 
clear) > A blank value is determined by titrating 5s 1 0. 1H 
sodium hydroxide with HCI. The value for carboxyl 

content is calculated using the equation: 

C - -Lee (.It.-. via ;t3 



stand a r 
of saopi 
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i : rc , 



; a method of 
rising treating 



Least 5000 



US l; a 



30000} with an aqueous alkaline solution, at a tesDsraiura 
and for a period of t ime sufficient to result in partial 
hydrolysis of said polysaccharide, and then so r.r,- the 
resulting oxidised oligosaccharide fro??! solution, e.g. by 
adjusting the pH to 7 or leas. The alkaline solution is 
conveniently a solution of an alkali .metal hydroxide or 
bicarbonate, e.g. sodium hydroxide or sodium ol carbonate , 
although other alkalis ;e.g. aqueous ammonium hydroxide) can 
Uso be sad fo< derstood > < u - * r« * me - 

conditions (and particularly the pH5 are dependent on the 
desired molecular weight range for the resulting product. 
However, appropriate conditions can readily be determined in 
any particular ease by routine experiment. Sy way of 



20 example, oxidised regenerated eel iu lose mav 
1.M to SK sodium hydroxide at a temperature 

50°C for 5 to 120 minutes to yield oligosaccharides in the 
molecular weight range a 000 to 20000 da 1 tons, or with 0 . 0 1M 
to IK sodium bicarbonate at 0*0: to 50*0 tot 10 hours to 10 
25 days to yield oligosaccharides in the oolseular weight range 
7000 to 50000, 

th< d r < - t. i > ppad by tl e d t n 

of an acid, such as a mineral acid, until the solution is 
30 approximately neutral. Concentrated hydrochloric acid can 
conveniently be used. 

The invencl.cn is further described by the following 



fabric at a concentration of 20mg/al in 6M sodium hydroxide. 
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The solution was incubated at 31 "c for 4 5 .rrinutes after 
which the reaction was stopped by adding 6M HC1 until 

; i n i' t - v o <r> " " f 1000 

molecular weight cut. off, then fraezs dried to product a 



The molecular s: ;ns of the oi igosaccnaride , determined 
fey qe i electrophoresis «nd by high performance liquid 
chromatography , snowed a range extending from approximately 
looo to tsooo da liens. 



id.UCPi.o....2 

A solution of ORC was prepared by dissolving Surgicei™ 
fabric at a concentration of x.ossg/rril in G.1M sodium 
bicarbonate. The solution was incubated at 3 ? * C for a few 
days {2-3) until ail the ORC has dissolved. The reaction 
was stopped by adding m HCi ur5t.il precipitation occurred 
and the pa ensnged from alkaline to pH? or less. The 
precipitate was allowed to settle overnight and then the 

1 < e o e ecipit s aga 

water in tubing witn a 1000 molecular weight cut off, then 
freszis dried to product a powder. 

The molecular size, determined as described above t 
showed a range from approximately 100 0 to 30000 da irons. 



<aocj 

5xidi ed -. cellulose sponge was prepared 

ae follows; 



It v. "v s- < t t >t c v - - u " „ ~ 

grama of carboeymethyieelluiose {CMC) from Aqua ion 
Corporation. When the polymer is dissolved the solution is 
allowed to deaeraee overnight to remove trapped air bubbles. 
The solution is poured into trays 3x4x1 inch, and freeze 
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t> 

dried for 24 hours; in a lyophi licec . Soft , white, water 
soluble. CMC sponges are o stained from - procsdure. 

The oxidation of the CMC sponges to accomplished by 
placing 5,3 grams of dry sponges into a resin kettle to 
which is attached a small flask containing 8 grams of 
nitrogen tetroxide.. The nitrogen tetroxide is allowed to 
evaporate fros the small flask into the resin kettle and 
envelops the CMC sponge <n stmc phere n gas. The 

sponges are kept in the rsain kettle for 48 hoars after 
which time the gas is evacuated to caustic trap end the 
sponges arc removed and placed in SOCmi of water. The 
oxidized CMC sponges are not soiiuhs in water. They are 
washed with water rot- 15 minutes then placed in fresh water 
for another wash. This wanning of the oxidized sponges is 
repeated until the pH of the wash water is above 2, The 
white oxidized catboxyrnethyieeUuXose sponges are dried toy 
placing them in 100% isopropyl alcohol for 15 minutes. This 
is repeated for a total of 2 washes then the sponges are 
allowed to air dry. The oxidised CMC sponges are soft and 
conformable and will absorb 14 times their weight in 
isotonic saline, They are soluble in 0.5K sodium hydroxide 
and are characterized by their carboxylic acid content which 
as found by titration to be 26,3%. 

A solution of the oxidiaed carboxymethyi cellulose was 
prepared by dissolving the sponge material at a 
concentration of iOmg/mi in 0 . in ammonium hydroxide. The 
solution was incubated at 37 :> c for 2 hours, and the reaction 
was then stopped by the addition of SM HCi until 
precipitation occurred. The precipitate was collected and 
diaiysmd extensively against distilled water in tubing with 
a 1000 daiton molecular weight cut off, then freeze dried to 
produce a powder , 



The molecular weight was determined by gel 
electrophoresis and found to be 1QD0 and 30000 daltons. 
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Methyl cellulose was o\ . h^ 5 by a procedure analogous 
to that described in Example 3, and a solution was prepared 
by disso ~o * v. > - c it t ancentratiof oi 

5 2 0ntg/ffii in 6H sodium hydroxide and incubating at 37 for 45 
minutes . The solution - a ::. cantr 1 gaged so remove any 
undissolved ratar.i.ai, and the oligosaccharides vers 
prac.ipit.ated out oi; solution by the addition of 6M KCi . The 
precipitate was collected and diaiysed extensively against 
10 distilled water in tubing with a 1000 dalton ooiecular 
weight cot off. 

The rolecuiar weight was determined by gel 
electrophoresis am found no be between 1000 and 5000 
15 da 1 tons. 

y v . n - 

A phenyl boron in acid { PB A } solid phase extraction 
L'Klussn -Bcr.d Flat, vanes Associates) , containing XOQmg of 

I Oral ot oethanoi to wet the column,, followed by 10ml 0,iM 
acetic acid to equilibrate the eoluon at tee correct pH , 

OPC solution was prepared by dissolving ig of 
25 Incerceed'" material in i&Owi 6d sodium hydroxide solution. 
After tbe interceed"" material had fully dissolved, the 
solution was acidified to pH 3,0 and any precipitate was 
removed by cantr if ugat ion . The supernatant was taken, and 
2oi was passed through the activated FBA coiuon. The column 
3d was then washed with 2mi 0. 1M acstic acid and 4x2ttsI portions 
of distilled water to remove any salt or otter endogenous 
materia:- Tee ORC oligosaccharides were a luted iters, the 
column u : ore ions of Ha - iroxide the 

? - < s " p d„ce a 

3 5 powder. Afr.er separatist of che oxi.di.ied oligosaccharides 
by ion-exchange chromatography, nass spectrograph ic analysis 
now-j to t< tave no 1 ecu is veighr. 1 t v rang 6 00 to 
1200 da 1 tons. 
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the following way. Limed collagen fibres (O.Sg) were 
slurried in 160ml OJl HCl (pH3.0), and of OHC 

o 1 i g os a c c h a r i J e ,. p r e p a r d s i n E >: a n p 1 a ; i m d 1 ecu 3. a r w e i q h t 
1000-1 SOOOODa) , was added. The fixture «ss homogenised tor 

slurry was hesnogenised for a further 2 x is seconds. Tbe 
slurry was degassed, poured into two ecm diameter petri 
dishes, frozen and freeze dried using a heat raap running 
fro??. -3 0* to ?o"C over 72 hours. 

The eoliagsn/ORC oligosaccharide sponge was then tested 
for its ability to bind piateiet-der ived growth factor 
(PDGF) . For comparative purposes, Interceed* fabric and a 
simple collagen sponge {prepared as described above, but 
without the atidxzicn of OHC oligosaccharide) were also 
tested, in each case, a spa 1.1 section of test material 
(approximately lorn" sguarss of Intercast" fabric, and 
approximately lorn x o . 5cm x 0.4cm sections of sponge} were 
weighed end soaked in JOOmM sodium phosphate dibasic buffer 



? . s ce 



rate; 



buffered saline { PBS ) for 2 hours at room 
of PDGF was then added to each sample in 2S0.si of PBS 
containing 21 BSA , and samples were then incubated for a 
further hour at 37 *c. 



Each sample was then washed torse times with 250ul PBS 
followed by increasing concentrations of sodium chloride > 
" !a ! 11 th i ea SLXSA 

analyses of the original PDGF preparation and the various 
washings from the sample materials provided the following 
re so its ; 
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TABLE 13 


BINDING 






SAMPLE 


COLLAGEN 


COLL/ORC 


IhTERCE 


or iginal 


100% 


100% 


100% 


Unbound 


20,6% 




15, 4% 


PBS wash 


i . 8% 


11.1% 


7,5% 


0 . 3H Naci 


4 ,50% 


12.3% 


1.9% 


0. 5M HaCl 


2 2 . 0 1 


22.21 


?.?% 


i . OH Nad 


11 . 9% 


15. 2% 




a,f)M NaCi 


3,0% 


5,1% 


7.5% 


3. DM Mad 


0% 


4,3% 


3.4% 


4 . OM urea 


0% 


4 . 0% 


9.7% 


Recovered 


63.8% 


97, 1% 


64 . 6% 



The r --.jit:; show >;nat the three tsst materials all bind 
15 similar qtiantitiss of PDGP, but RDCF can be recovered in 
highest yield from the coliagen/QRC oligosaccharide sponge. 

The binding characteristics are also uniquely different 
for the coliagen/OHC oligosaccharide materials compared with 
2 0 the individual comparison materials. These observations 

utilised appropriately for both exogenous binding and 
endogenous binding and release of growth factor. 
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1- As) oxidised > „ b ,i „<_ having an 

<- * ' - ' - " - 5 ~« „ " * ■> N o . v - 

2 - oligosaccharide composition according to claim 1 

derived trow an axidized oacterial or plane pel ysacchar ide . 

— A" ! > ^ o o i:cc;\i q t ct - v ]. 

derived Iron an oxidised animal polysaccharide or an 
oxidised synthetic polysaccharide. 

4 • ' " > * ~ i. on-pos.- f cor j i, 

derived from oxidized cellulose or an oxidised cellulose 
derivative . 

5 , fcn ©iigosacchari - cording to claim i» 

derived front an oxidised derivative of dextran, gelian gum, 
xanthan gem, agar, starch, konjac, carrageenan , guar gurtp 
pectin, carboxymetkyi cellulose, methy Ihydroxypropyi 
cellulose, eel la las* acetate., methyl cellulose, cellulose 
phosphate, ethyl cellulose, or lnuii.ru 

preceding claim having an average molecular weight in the 
range 50 00 to 2 5000 da icons, 

7- A pharmaceutica X composition tor topical., oral or 
parenteral administration comprising an oxidised 
oligosaccharide composition according to any of claims i to 
6, 

3t A pharmaceutical compos it i on according to claim 7, 
wherein uhe exuezoi o cnosacchsride composition is bound to 
a pharmacologically active peptide or protein. 

0- a pharmaceutical composition according to claim 8, 
wherein the peptide or protein is a growth factor. 



PCX* B9*J &mt 



;a - -. according t as 

rparacion oi & composition for 



ing to clam 8, vnerein a pna rsa co i og ica i j. y 
is aistrii ;ted sbst rtia.llx uniformly 
wound dressing. 



XO X2 - Use according to dais? 11 wnerein said 
pharmacologically active agent is an antibiotic, an 
antiseptic or a protein growth factor. 

.13 , an- c ,t urepari the 

25 method comprising one steps of: 

(a) treating an oxidised polysaccharide having an average 
molecular weight of at least 5000 with an aqueous alkaline 
solution at a temperature and for a period of. time 
Sufficient to result in partial hydrolysis o.f said 

2 0 i\ l\v icrr ; - - ^ ;na 

(fo) recovering the resulting: oxidised oligosaccharide frcm 
said solution. 

14, h method according to claim 13 wherein the alkaline 

2 5 utt-' > - c - * < s . ' ot 10 or 

bicarbonate . 

15. A method aocordiog to claim 13 or clear. 14 wherein the 
oxidised oligosaccharide is recovered from said solution by 

3 0 adjusting the pK to 7 or lass using an acid. 

18, A cethod according to claim 15 wherein the acid is a 
c o nee n t r a t e d m i n e r a 1 a o id . 

3 5 i?, 0 sth ?. preparing coss Ltio? coercing t any 
of claims 13 to 20, the .vast. hod comprising the steps of: 
(a; providing an alkaline solution o£ an oxidized 
oligosaccharide; 
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{h} dissolving or dispersing a therapeutically active agent 
in said alkaline solution; and 

fc) reducing th pH said s n t - r per s ion to cause 

*id ox recipitat 

18. A nethod of preparing a cospositicn acoordinq to anv 
of claims 13 to i. the' method comprising the steps of; 
(a) providing an alkaline solution of an oxidised 
oligosaccharide; 
10 so; dissolving or dispersing a therapeutical ly active agent 
in said alkaline solution; and 

(c) removing the solvent from said solution or dispersion, 

t;;oa a in o class i hot t „_ , . iS 

15 removed m step (a) by f reazs-dryinq > 
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